Introduction
Tuberous sclerosis complex (TSC) is an autosomal dominant disease with a wide spectrum of pathological lesions [1, 2] . Almost half of the patients with TSC have an underlying renal pathology, mainly angiomyolipomas, cysts and/or renal cell carcinoma [3, 4] . TSC rarely involves medium size and large vessels, including the renal arteries. Arterial aneurysms have been reported for intracranial arteries, for the aorta and for the kidneys in patients with TSC [5] . The clinical management of the two main complications, fever and haematuria, in these patients is uncertain. Here we report on a patient with two large intrarenal arterial aneurysms who presented with macroscopic haematuria and fever successfully treated by intraarterial embolization.
Case
A 31-year-old male patient was referred to our department because of fever up to 39. 4 C, weight loss and macroscopic haematuria with anaemia.
At the age of 9 months, the diagnosis of TSC was established because of facial angiofibroma and multiple ungual fibromas. Four years before admission, both kidneys were found to be increased in size with extensive angiomyolipomas and in the brain multiple calcified subependymal nodules and cortical tuber were documented.
Two weeks before admission, the patient was hospitalized in another hospital because of fever and macroscopic haematuria of sudden onset, without a history of trauma. Repeated urinary cultures for bacteria remained negative. Transoesophagial echography and multiple blood cultures to exclude infective endocarditis were negative. MRI scan of the abdomen revealed enlarged kidneys with multiple bilateral angiomyolipomas and two large intrarenal arterial aneurysms in the right kidney ( Figure 1 ).
On admission to our department, body temperature was 39. 6 C, blood pressure 120/60 mmHg and pulse rate 96/min. The physical examination revealed a pale patient with two large kidneys with irregular surface and a painful right flank. A general neurological examination was normal.
Blood haemoglobin was 79 g/l; leukocyte count increased to 15.4 (10 9 /l) and thrombocytosis of 546 (10 9 /l) was present. C-reactive protein (CRP) was 42 mg/l (normal range <5 mg/l). Renal function was normal (serum creatinine, 87 mmol/l). Macroscopic haematuria was present ( Table 1) .
The patient received blood transfusions to treat the anaemia. During 7 days of observation macrohaematuria with anaemia and fever up to 40 C persisted. Despite fever, increased leukocytes count and increased CRP (up to 170 mg/l), repeated blood and urine cultures remained negative and so no antibiotic therapy was given.
On the seventh day after admission, haematuria increased with deterioration of anaemia despite blood transfusions (serum haemoglobin 69 g/l, haematocrit 0.20) ( Table 1 ). The control MRI scan revealed an increase in diameter of both aneurysms. Selective embolization of both aneurysms was preformed by direct angiography (digital subtraction angiography) with application of multiple coils (Vort X, Boston Scientific; 2-3/4/5 mm) in the aneurysms. The coils were applied through a microcatheter system (5F Cobra with Tracker catheter). Initially, the macroscopic haematuria disappeared, but reappeared on the second day after the intervention. Duplex sonography of the aneurysms revealed still partial blood flow in the larger aneurysm. A second selective embolization of this aneurysm was performed. Thereafter, haematuria disappeared and anaemia resolved. During the two following weeks, fever and inflammatory signs disappeared without antibiotic therapy. Renal function declined immediately after the radiologic interventions (peak serum creatinine 152 mmol/l) and returned to normal values within 1 week (Table 1) . During the following 2 years, haematuria did not recur and renal function remained normal. No recurrence of aneurysms was detected in subsequent MRI scans.
Discussion
The main renal manifestations of TSC are angiomyolipomas, cysts and renal cell carcinomas. The important complications of renal angiomyolipomas are haemorrhage (haematuria, intratumoral and retroperitoneal haemorrhage) and mass effects with abdominal tenderness [1] [2] [3] [4] [5] [6] [7] . Our patient presented with both haematuria and pain in the left flank. Diagnostic imaging of the kidneys revealed two large intrarenal aneurysms. Abundant and altered blood vessels with abnormal elastin-poor structures are present in angiomyolipomas and are probably at the origin of the formation of these aneurysms [8] .
Nephrectomy was discussed repeatedly to stop the heavy haematuria presented by our patient. We did not perform nephrectomy for several reasons. First, nephrectomy would have reduced renal mass and eventually impaired renal function and second, we had no radiologic evidence for a renal cell carcinoma. The presence of fever with leucocytosis and increased serum CRP levels might be another reason for nephrectomy. Since in multiple cultures of blood and urine no bacteria were cultivated and the removal of one kidney is usually followed by the removal of the second one, because of persistence of fever and inflammatory signs, we preferred embolization to nephrectomy. Angiomyolipoma per se can cause fever in TSC patients by an unknown mechanism [9] [10] [11] . Since renal angiomyolipomas are frequently bilateral and end-stage renal failure is rare in patients with TSC [12] , every effort should be made to avoid nephrectomy.
The clinical course of renal angiomyolipoma can be complicated by pain, gross haematuria, retroperitoneal haemorrhage and even death [1, 2] . TSC-associated angiomyolipoma tends to be larger, multiple and more likely to cause spontaneous haemorrhage than sporadic forms of angiomyolipoma [13] . As a benign lesion that is usually asymptomatic, angiomyolipoma may often not require intervention [13] . Indications for intervention include suspicion of malignancy, spontaneous haemorrhage causing significant symptoms, pain, haematuria and risk of rupture or other complication as the formation of an intrarenal aneurysm [7] . The indications for treating asymptomatic angiomyolipoma in TSC are controversial. Limited prospective data suggest that larger lesions may become symptomatic with time [14] [15] [16] [17] . Most of symptomatic angiomyolipoma can be managed by nephron-sparing approaches, including angiographic embolization or partial nephrectomy; nevertheless some selected patients may require complete nephrectomy [13, 18] . Some renal angiomyolipoma present with aneurysma formation that may be a predictor of rupture. Yakamado et al. [7] demonstrated that significant relationships exist between tumour size, aneurysm formation and rupture in angiomyolipomas. The presence of intratumoral aneurysms appears to be a predictor of spontaneous rupture, and detection of such aneurysms may help to determine the timing of treatment. If it is obvious that symptomatic intrarenal aneurysms presented by the mentioned patient should be treated, the question is open whether asymptomatic intrarenal aneurysms should be treated or not [7] . Selective embolization of intrarenal artery aneurysm in patients with TSC can stop acute haemorrhage and prevent further bleeding with preservation of renal mass and eventually renal function as shown in the present patient.
